To determine the validity and safety of exercise induced ST changes (1 mm ischemic depression or further depression in ECG lead V5) as an indication of coronary artery disease (CAD) in patients with abnormal control electrocardiograms (ECG), 121 such patients were compared to 57 patients with a normal control ECG. All underwent a maximum graded treadmill exercise test and coronary arteriography. Among those patients with normal control ECGs, there were no false positives and five false negatives (sensitivity-85%, specificity-100%). In 61 patients with abnormal ECG (no drug therapy except nitrates) there were four false positives and nine false negatives (sensitivity -76%, specificity-79%). In this group of patients T waves reverted from negative to positive in four patients with CAD and 10 patients with no CAD, but T inversion during exercise only occurred in those with CAD (6 patients). Three of 12 patients (25%) with ECG evidence of old infarction and four of eight with single vessel disease had false negative tests. In 60 patients with abnormal ECG on drug therapy there were 10 false positives (17%) and 15 false negatives (sensitivity-55%, specificity-63% 
T HE RECENT TENDENCY in exercise testing has been to determine a patient's maximal exercise capacity through graded increases in work load. '-4 This permits a measurement of maximum oxygen intake (V02 max), the international standard for physical fitness,5 and the stress applied is usually sufficient to separate the normal from the abnormal in terms of myocardial ischemia. Little information is available regarding the value and safety of this technique in patients with abnormal control electrocardiograms. This report documents our experience in such patients in whom the status of the coronary arteries was determined by coronary arteriography.
Methods
One hundred and seventy-eight patients having both maximum graded treadmill exercise tests and coronary cineangiographic studies were evaluated. They were divided into three groups. Group I-normal resting electrocardiogram (50 males, 7 females; average age 49.5 years). The patients in this group without coronary artery disease had atypical chest pain without evidence of any other disease entity. Group Il-abnormal resting electrocardiogram and no drug therapy except for nitroglycerin (49 males, 12 females; average age 48.3 years). The patients without coronary artery disease were similar to those in group I except that they had isolated nonspecific ST-T wave abnormalities. Careful evaluation disclosed no definite etiology for these changes. Group III-Abnormal resting electrocardiogram plus various cardiovascular drugs (39 males, 21 females; average age 46.9 years). Resting electrocardiographic abnormalities included previous myocardial infarction, left ventricular hypertrophy (voltage and ST-T changes), right and left bundle branch block, T wave flattening or inversion and ST segment depression of 0.5 mm or more. These patients had no electrolyte abnormalities, anemia, valvular heart disease, pericardial or myocardial disease or any known factor other than those mentioned which might influence the resting electrocardiogram. Most patients were considered to have "nonspecific" ST-T wave changes.
After Table 2 also shows the sensitivity and specificity of the exercise studies in each group. These results were compared statistically to four other studies which used submaximal exercise protocols.10' [36] [37] [38] The increased specificity in our group I patients was significant (P < .01) but no increased sensitivity was apparent. The results in our group II patients with abnormal resting electrocardiograms was similar to the results in these same studies10' 3638 which primarily involved patients with normal but also some with abnormal control electrocardiograms.
LINHART, TURNOFF Discussion
The exercise electrocardiogram is a valuable noninvasive technique for aiding in the clinical diagnosis of myocardial ischemia. This is especially true with the newer protocols due to higher levels of exercise stress.1 7-10 Various reports have appeared confirming the sensitivity, specificity and above all the relative safety of this procedure."
Most of these studies, though, were based on patients with essentially normal control electrocardiograms as it was considered dangerous to exercise in the face of electrocardiographic abnormalities or it was believed that no additional information could be elucidated. ' Figure 3 6 s B r t , 9 1 < 4 s 6 e ! | ---; --------t 33 Neither of these concepts were confirmed in our maximum exercise study either in patients with resting normal or abnormal electrocardiograms. The same average extent of ST segment depression occurred with disease of one, two, or three vessels in this study. All five of our false negative patients with normal resting electrocardiograms had s;gnificant obstruction of the left anterior descending coronary artery; two had disease of two vessels and two had disease of three vessels.
This study has shown that maximum treadmill exercise studies are feasible and safe in patients with abnormal resting electrocardiograms including patients studied at least three months following an acute myocardial infarction. The specificity of the exercise electrocardiogram (table 2) in our patients with normal resting electrocardiograms was even better and the sensitivity as good as in some other reports,10' 36-38 probably because we employed a maximum stress test. In our patients with abnormal resting tracings, on no drugs except for nitroglycerin, the correlation with other studies was also good, 10, 22, [36] [37] [38] indicating the validity of this exercise protocol in these subjects. However, when in addition to an abnormal resting electrocarliogram, the patient is taking various frequently used cardiovascular medications the exercise electrocardiogram is of no use in differential diagnosis.
